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L INTRODUCTION

HISTORICAL BACKGROUND |

In 1974-75, the California Déparfmént of Transportation sponsored a twenty
* month comprehensive st_udy by Ecological Research- Associates to investigate the
environmental effects of deicing agents on aquatic systems in the Lake Tahoe
basin and vicinity. Several important findings of that study have served to aid
Caltrans in jts effort to minimize the impacts of deicing agents on the
environment, Briefly, this study showed:

1) Lakes with Interstate~-80 within their watershed exhibited chloride
enrichmenf relative to other California lakes; the density profile
in one roadside pond (under ice and snow cover) was found to be
temporarily but strongly aﬂected by salt-laden roadside runoff.

2} Stream chloride levels were found to increase and fluctuate
throughout the period of salt applications.

3) Numerous deicing sélt contém_inants of possibly stimulatory or
inhibitory nature to plankton were found. Deicing salts from
different suppliers were shown to have different degrees of
contamination.

4) Bioassay experiments showed inhibition of Donner Lake bacterial
metabolism by three deicing salts used by Caltrans at the time of
the study. Algal metabolism was not altered by any of the eight
deicing salt samples assayed.

Goldman and Hofiman (1975) conc:ludéd that, although road salting resulted

in detectable chloride enrichment in many Sierran lakes, there was no apparent
indication of its detrimental effect on the endemijc biota. However, it should

be noted that only one.bicassay was performed using the natural community of
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‘Lake Tahoe algae and bacteria, The majority of the 1974-75 research used

Donner Lake water, which has five times the chloride content (11 mg/l) of
Lake Tahoe and greater algal productivity. |

| ~ Prior to this initial study on the aquatic impacts of deicing salts, one
study had been completed and another mmated regarding the impacts of de;cmg

1‘

salts on roadmde vegetation in the Tahoe area. The U.S. Department of

' Agr—iculture Forest Service conducted a study in 1973 to evaluate the cause and

d1str1bunon of damage to road51de conifers, species-specific effects, and the
gradient of damage with distance from the highway (Scharpf and Srago, 1974).
‘I'he'y‘concluded that salt-laden highway runoff was a major cause of tree damage
and death in the Tahoe basin at tﬁe then-current levels of application. However,

this study did not attempt to correlate the extent of damage to the amount of

salt applied in different sections of the highways, nor did it take into account

other possible causes of plant damage.

Therefore, in late 1973 Caltrans and the ‘Federal Highway Administration
financed a five year study conducted by. the 'Department of Environmental
Horticulture of the University of California, Davis (Leiser et al., 1980), to
address these and add_itiohal questiens surrounding highway deicing operations
and impacts on roadside vegetation. The results of the Leiser study confirmed
hlgﬁway deicing salt to be a cause of 'rdarn'.age in conifers but also indicated ‘that
beetles were another iml;ortant cause -of tree damage both near and away from
higﬁivay corridors. Relative salt tolerances were determined for each of the
four COMMmON c:omfers and, for three of these, critical levels of soil salt per
hlghway salt application were estimated.

" Since the %nitial studies in 1973 and 1974-75, the California Department
of Transportetien has monitored the statewide use of salts ‘closely and attempted

to reduce their usage whenever and ‘wherever possible. In the Tahoe basin, the
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use of salt has been primarily limited to kiln-dried salt which was identified in

the previous study to have little impact on the aquatic Biota. A "no salt" test
section on Highway 89 near Emeralc'i Bay has aisq been established in order to
evaluate the impacts of not using salt on: - tratfic safety, number and duration
of road closures, and the 'recovery of previously salf—damaged vegeta'_tion. The
results of this study will be used for comparison with similar sections of salted
roadway to determine the feasibility of eliminating salting altogether in some
environmentally sensitive areas.

The renowned water clarity and aesthetic appeal of Lake Tahoe are largely
the result of extremely low rates of nutrient {oading from the adjacent watershed.
Numerous studies have indicated that, although the lake remains ultraoligotrophic,
it has been undergoing accelerated eutrophication for the past two decades as
a result of increased loading of sediments and dissolved nutrients from disturbed
watersheds (Goldman, 1974, 1981; Leonard et al.,, 1979; Elder et al.,, 1976). In
particular, nitrogen and iron, and less frequently phoSphorus (all_ at part per
billion levels), have been shown to significantly stimulate phytoplankton
production. Therefore, inputs of nutrients or other compounds above natural
levels are undesirable in the Lake Tahoe basin. |

The present study was conducted in the winter, spring, and early summer
of 1980-81 and was designed to .det-ermine.the potential impacts of currently
used deicing agents (salts and abrasives) on the natural communities of algae
and bacteria in Lake Tahoe surface waters. Of Ispecial interest was the impact
of processed salt, relative to the more impurity-free kiln-dried salt, since it has
been proposed for use on Highway 267 betweeﬁ_ Trﬁckee and Kings Beach. An
additional goa! was to accumulate data supplemental to that repofted by Goldman
and Hoffman (1975) regarding present levels of saltl in 'fahoe. basin waters.

Importantly, the duration of the study allowed us to analyze the response of
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the aquatic microbial biota during varied lake conditions including mid-winter,
spring runoff-influenced, and early summer periods. The composition of the
microbial comn:nunities in lakes typically changes with the seasons and reflects
changes in the condition of the lake. Becﬁuse winter through early summer is
the time during which the lake is most likely to be influenced by saline input
from deicing salt applicat"ions, it was deéirable to assay the particular agents'
effects on biota representative of each of these seasons.

| The resulfs of the present study, when integrated with the results from
previous basin road salt influence studies, should further the development of a
road salt use management strategy which minimizes adverse environmental

impacts.

E#FECTS OF SALTS ON ALGAE AND BACTERIA

Although numerous studies have involved assessing the environmental

impacts of deicing agents (see Hanes et al., 1970), very few have examined
‘their effect on aquatic microbial ‘communities. However, an extensive

_ rrficrobiological literature does exist regarding the effects of various salts on

rn.;;tny aspects of alga!l and bacterial metabolism. The following is a brief

summary of some of the more important findings pertinent to this study:

1) Sodium, which constitutes approximately 39 percent of the rock
salt used in deicing, is an essential ‘micronutrient for many algae.

Anabaena cylindrica and certain other freshwater blue-green algae

require appreciable concentrations of this element (Allen, 1952,
1955). 1t is thought to be required by nitrogen-fixing blue-green
algae for the transformation of N2 into ammonia (Brownell and

Nicholas, 1967).

Wy fastio com
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5) The algae exhiBit varied responses 1o osmotic eifects: stimulation
¥ or inhibition of respiration as well as inhibition of photosynthesis
may occur (Stewart, 1974); certam algae {e.g. Chlorella) may respond
with 1oss of orgamc phosphates to the external medium (Antonyan
and Pinevich, 1966); the same algae may also respond with inhibition
of . daughter cell formation and increases in cell biomass
(Soeder et al. 1967).
7} Varied efiects of osmotic stress on the bacteria may also be
expected, put not necessarily at the same concentrations which
affect the algae. ‘Unlike most algae, bacteria are enclosed by a
rigid cell wall capable of withstanding considerable internal water
pressure. Thus, they may maintain internal ion concentrations well
above that of the medium without risk of cell lysis (bursting) due
10 diffusion of water into . the cell. Because most algae do not
have such a rigid outer wall, 'they must maintain a8 smaller difference
betvfeen internal and external jon concentrations. Consequently,
bacteria may be less: immediately affected by small changes in
salinity than algae. :

P;oad salts also contribute “various macronutrient, micronutrient and trace
element contarnmants along with sodium and chloride to melt waters {Goldman
and Hofiman, 1975). These contarnmants may similarly elicit varied bacterial
and algal me.ta'bol‘n:- responses, - iron has been shown 1o be a contaminant in
several salts including the proqessed salt assayed In this study. It should be
noted that iron is an essential component of the enzymes nitrite reductase,

nitrate reductase and nitrogenase, all of which are iundamental to cellular

nitrogen assimilation;which has been shown to be closely hnked to algal growth

in Lake Tahoe .(Stewart, 19763 Goldman, 1974, 1978, 1931).
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IL CONCLUSIONS AND RECOMM-ENDATIONS

' One of the desired goals of this study was to determine the impacts of

processed salt on Lake Tahoe aquatic bacterial and algal communities, as
its use has been_ proposed - along Highway 267 between Truckee and
Kings Beach, The results of sénsitive 1-lILC-‘w.,::'t‘ake bicassays have indicated‘
that this salt (at realistic cor_:centrations)'will, in fact, stimulate algal
growth and inhibit bacterial growth at certain times. of the vyear.
Stimulation of algal growth was observed at concentrations of 10 mg/l CI”
and inhibition of bacterial growth at concentrations possibly as low as
1 mg/l CI'. With both stimulatory and inhibitory effec;cs (both of which
may be considered adverse) attributable to this salt and since Kiln-dried

salt, which has no effect at similar concentrations, is readily available,

the use of processed salt within the Tahoe basin would not be recommended.

Its use should be particularly discouraged in é.reas where road "contact"
with a stream is extensive, Goldman and Hoffman (1975) attributed the -
extensive contact of Highway 50 with the Upper Truckee River to be
largely responsible for the elevated chloride concentrations measured in
the river. A somewhat similar situation exists along Highway 267, as
two basin streams parallel the highway in close proximity for considerable
distances. In Figure 1 it can be seen that Snow Creek runs parallel to
and 7300-500 yards downslope of the highway, for a distance of
approximately one mile, jusi below Brockway Summit. As a consequence,
all highway runoff along this section drains toward, and is eventually
coilected in, Snow Creek. Two seasonal drainages are also noted to
"contact" the highway within the area proposed for processed salt use,

and eventually join with Snow Creek. Griff Creek runs nearly adjacent
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to the highway for approximately 1/2 rhile near Kings Beach, and would
be expected to receive direct Sﬁ-eet runoff,

The continued use of kiln-dried salt for deicing operations within the

" Lake Tahoe basin is preferred., At a concentration equivalent to the

highest sustained chloride levels in a basin tributary (10 mg/l), this salt
had no significant effect on phytoplankton, bacterial, or periphyton growth.
The inhibitory and stimulatory effects caused by processed salt are thought
to be the result of chemicals derived from the ferrocyanide "anti-caking
agent" applied to this salt, Ferrocyanide, Fe(CN)G, decomposes (rapidly
in the presence of sgnlight) to release iron and cyanide. Iron has been
previously indicated by Goldman (1974, 1978, 1981) to be an important
nutrient limiting Lake Tahoe algal growth. It is likely that the aigal
stimulation caused by processed salt was due to its addition to the lake
water during a time in which iron deficiency was severe in algal
populations. The inhibitory effect of this salt on the bacteria may have
been the result of a sensitivity to the cyanide component.

Of the two deicing abrasives studied, sand appears to be more desirable
for use in the basin, as it did not affect algal or bacterial growth. Use
of cinder is less desirable as it proved to be étimulatory to both algal
and bacterial growth. Chemical analyses suggest that the soluble
phosphorus content of the cinder may have been responsible for the
stimulatory effects seen. Selected cation analyses indicated that the
cinder also contributed more Na® and K® to solution than did sand,
Levels of kiln-dried and processed salt above 50 mg/l Cl” may inhibit
algal growth at certain times of the year. Periods of increased tolerance

to elevated salinities appear to correlate with periods of increased nutrient
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" availability. 'I'hé nutrients contributed by processed salt appear to
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wwvvy fastio.com

counterbalance, to some extent, the inhibitory effects of high CI™ levels.

Neither kiln-dried salt nor processed salt were shown to affect periphyton

— growtﬁ at a concentration of 10 mg/l CI.

Bioassays conducted using tributary and snow samples having different
levels of chloride contamination pr_oduced results which did not always
correlate with chloride concentration. Since non-stimulatory kiln-dried
salt i# currently most Widely used in the basin and expected to be the
con;caminating‘salt in these samples, stimulatory effects were probably
not due to the road salt. The observed stimulation was more likely the
result of other road-derived .contaminant; including cinder.

Tahoe's tributariesA along the west shore of the lake are very low in
chloride.  Blackwood, Eagle, Ceneral, Meeks, Tallac and Ward creeks
contained levels ranging from 0.146 to 0.606 mg Cl /1. These chloride
levels appear to be a direct reflection of the chloride content of
preCipitation and nof of road salting.

No con_siﬁtent péttem of Chlcliride increase below highways was observed
for those tributaries sampled above and below major basin highways. This
was true éven at thé ppb level of analysis_. More intensive sampling of
basin tributaries above and below the hi.ghway, during and immediately
following deicing éalt appli:catlons, Lmust be performed before conclusions
may be drawn regafdin'g;in'putsiirom basin I:z'igh\'#ays..l As our results show,
the prerr_‘nisé that where.‘ stream con-tact. with the highway is minimal,
roadsalt impact is minimal-—-appears to be valid.

In many areas ;n*ound the lake, tributaries may not constitute the major

source of chloride input. Given the frequent close proximity of basin
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highways to the perimeter of the lake, it is possible that direct surface

runcff and groundwater contribute greater proportions of chloride.
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Im. METHODS

Deicing salts and abrasives were obtained from the California Department
of Transportation maintenance stations at Echo Summit (kiln-dried salt, cinder)
and Truckee (processed salt, sand) for microbial assays and for determination
of “macronutrient content. Macronutrient analyses were performed on diluted
sal:t solutions or abrasive leachate solutions using the following methods: Nitrate-
N"lby hydrazine reduction of nitrate to nitrite followed by colorimetric analysis
(Strickland and Parsons, 1968); ammonium-N by the blue indophenol reaction
\iff’it'h'the removal of interference by complexation with citrate (Solorzano, 1969);
Blio'.logically available iron by Ferrozine colorimetry (Stookey, 1970); total-P by
tll1e ascorbic acid-phosphomolybdate method after acid hydrolysis (Strickland and
Parsons, 1968; A.P.H.A., 1971). Specific cation analysis (Na*, K, ca*¥, Mg™)
were also performed on sand and cinder leachate solutions by atomic absorption
using a Beckman Atomic Absorption system.

Tributafy and snow samples were collected from areas of varied road salt
influence (see Figure 2) and stored frozen in polyethylene bottles. Selected
sub’sarﬁples were assayed for theif effects on Lake Tahoe phytoplankton as
described below, and all samples were analyzed for chloride content using a
Graphié Contrbls Ultrasensitive chloride probe (limit of detection 0.050 mg/l CI),

Chloride analyses were also performed on samples taken at several day intervals

~ from seven basin tributaries dﬁring the spring snowmelt period in 1981, These

stream samples were collected by’ the Tahoe Research Group (TRG) and represent
some of thé major soufcés of nutrients to the lake. Chloride content was
determined by the TRG using the sensitive {limit of detection 0.025 mg/l Cl")
colorimetric assay developed by Florence et al. (1971).

Regular sampling to determine fluxes of deicing salts in basin tributaries

was not aﬁefnpted. Goldman and Hoffman (1975) have indicated these fluxes
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Finure 2. Sample collection locations '\:
1- Incline Creek
2= Third Creek
3- Snow Creek
4- Dollar Creek
5- Tahoe City Show
6- Ward Creek
7~ Ward Valley Snow
8- Blackwood Creek
9- General Creek &
General Creek Marsh
10~ Meeks Creek
11- Eaglie Creek
12- Cascade Creek &
o Cascade Creek Snow
13- Tallac Creek
14- Upﬁer Truckee River
15- Trout Creek
© - Collection points for Lake Tahoe
water used in bioassays
M= Main station

»
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to be of brief duration, and a relatively intense sampling regime immediately
éﬁllowing road salt applications would be needed to accurately estimate total
inputs. However, such sampling would require personnel _Iocated within the basin,
closely attuned to storm activity and subsequent deicing operations.

| Phytoplankton enumeration was performed on selected bioassay subsamples
usmg Utermohl settling techniqﬁes described in Nauwerck (1963).

. Algal growth bioéssays were .perf_orm.ed on Lake Tahoe littoral zone water

MLCO2 uptake method previously described by Goldman (1967) and

using the
éoldman et al (1969). Water containing natural populations of phytoplankton
Qas collected from the lake's surface (see Figure 2 for locations) using 20 liter
-o'.paque carboys and immediately transported to the lab at Davis while being
ihain%éinegl at low temperature and illumination. Assays were generally initiated
within 24 hours of sample collection. The lake sample was filtered through
8'0 U nitex netting (to remove larger zmplankton) and then innoculated with a

14 1). The water was

small volume of Na, "'CO4 (final concentration ~20 uCil”
then tho'roughly mixed and distributed into 500 ml Erlenmeyer flasks to which
small volumes of the various sait solutions had been added, and final volumes
were adjusted to 500_m1 in each flask. Deicing salt enrichment; generally
consiSted .of 0.5 or 5.‘6 ml additions of saline solutions as ppm CI". Sand and
cinder leachate enrichments were prepared by placing 5 grams of sand or cinder
in 500 ml of t;ua.rtz double distilled water and allowing the material to leach
for either 2#" hours at room teﬁperature ~23°C (bioassay 4) or 48 hours at 12°C
with constant agita}tion (bicassays 8 and 9). The leachate solutions were then

filtered through Whatman GF/C filters and the filtrate added in 0.5 or 5.0 mi

quantities to treatment flasks. Stream/snowmelt water enrichments consisted

of 50 ml additions of GF/C filtered sample (10% by volume). The flasks were
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incubated in a psychrothermic incubator at temperatures (~5°C in winter; ~14°Cc
in late spring) and diel illumination approximating ambient lake surface values.
Fifty milliliter subsamples were removed from the ﬂ’ésks at two day intervals
and filtered onto 0.45 um Millipore membrane filters. Filters were then air
dried and radioactivity determined using a Geiger-Mueller gas proportioning
counter,

Bacterial bioassays were performed using methods similar to those

described by Paerl and Goldman (1972) and Goldman and Hoffman (1975). The

method is based on the fact that microbial uptake of acetate at low concentrations

(<100 ug/l) is rapid and almost solely attributable to bacteria (Wright and
Hobbie, 1965). Briefly, lake water containing natural phytoplankton and bacteria

d 1I*C-Iabeied bicarbonate added as described above

was enriched with salt an
for algal assays. At two day intervals, two aliquots were removed from éach
incubation flask, The first (50 ml) was immediately fixed with 0.1 ml of Lugol's
solution to inhibit further metabolic activity and then filtered onto 0.45 u
Millipore filters. The second (100 ml) was innoculated with radicactive acetate

(1.0 ml of 20 p Ci m™* 1%

C-acetate; final carrier concentration of 23 ug
acetate 1"1), and then incubated with slight .agitation (@ 40 rpm), in the dark
for 1-1.5 hours. Incubations wer;e terminated using Lugol's solution, as above.
Fifty milliliters were then filtered {0.45 u), and successively rinsed with 10 ml
portions of 0.1 N sodium acetate and distilled water to liberate absorbed/adsorbed
1‘!'tC--at':etate. Radioactivity was then détermined as for autotrophic assays.

Using this method it is possible to obtain simultaneous estimates of autotrophy

and heterotrophy for a given water sample. Heterotrophic uptake is estimated

by subtracting the radioactivity attributable to autotrophic 1'C bicarbonate

14

uptake (the first sample) from that attributable to uptake of both ~ C bicarbonate

and 271%C acetate (the second sample).

4r

L
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It should be noted that the preliminary methods used in bicassays #5 and
#7 were slightly different from the final method described above. In bicassay #5,
ﬁre did not add l'aC-bica\rbc:na'ce at the start. mC—acetate uptake was determined
as above and this method had theradvantage that some variaﬁility among replicates
qﬁe to slightly different rates of uptake of 1t“C—bica.rbonate was removed. The
disadvantage was that a simultaneous autotrophic upfake rate was not determined.
‘_Also, in bioassay #5, 2.5 ml/50 m] sample of 2N stoq was used as the metabolic
iﬁhibitor. Due to the ‘possibility of cell lysis upon acidification, a supercooled
'(f-B?C) saline ice bath was used in bioassay #7 to inhibit metabolic activity.
1;1 both bivassays #5 and #7 a smaller pore size filter (0.22 u HA Millipore)
was used to assure retention of the smallest bacterial cells. However, this
treatmen_t greatly increased ﬂltraﬁon times, producing a larger uncertainty in
the actual incubation time. Interestingly, the radioactivity retained on this
filter was anomalously lower. Self-absorption, lysis of cells or some other aspect
oi the procédure may be the cause. It was decided that 0.45 pum would provide
sufficient retention and substantially decrease the time required for filtration,
- thus increasing overall experimental precision.
For statistical alnalysis of bioassay data, a protected F-test was chosen
t; compare bioassay treatment means. It is considered to determine significance
o.f treatment differences with stringency balanced between the extremes of
leniency and ultra-comservatism. In a protected F-test treatment means are
é;mpared only if a significant difference among méans is detected by a
preliminary analysis of variance (AOV) (Snedecor and Cochran, 1967). In this
study treatment contrasts were limited 'f:o treatment vs. the control. Although
levels of significance for treatment contrasts may occasionally exceed the level

of significance of the preliminary F-value, it should be recognized that differences

ClibPDF - winy.laslio.com
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between treatment means cannot truly be.considered "more significant" than the

level of significance indicated by the AOV F-value,

A
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IV. RESULTS AND DISCUSSION

DEICING SALT APPLICATIONS

A summary of deicing salt applications for the winter 1980-81 indicated
412 total tons were applied to state maintained roads within the basin., Table 1
p;resents the defailed schedule of those applications according to highway section.
In addition to the state deicing operatlons, it should be noted that local entities
(usually the counties) are respon51ble for road salt and abrasive additions to
non-state highways, Contributions to road salt inputs by these agencies, as well
as those by the State of Nevada, should be studied in the future. The‘ data for

1980-81 indicate a substantial decrease from the [155 tons of salt applied on

the California side of the basin in 1974-75 (Goldman and Hoffman, 1975), Water
-yéar 1980-81 was unusually dry and the lower application rates thus are a
reflection of both subnormal precipitation and the concerted effort on the part

‘of Caltrans to reduce salt usage.

CHLORIDE LEVELS IN LAKE TAHOE BASIN WATERS

Basin tributaries were sampled throughout the study to meet the following
objectives: (1) using more sensitive methods for chlonde analy31s to determine
small (mxcmgram/hter) changes in chlonde concentration above and below lightly
salted basin highways for use as _indicators of loading patterns similar to those
readily observed for rﬁore heavily salted roads; (2) to determine the effects of
road salf-laden stream and snow samples on indigenous Lake Tahoe phytoplankton
using bioassay techniques; (3) to _ébtain a general c.o-mparison of the chloride
levels in several basin tributaries,

In addition to our sampling program, routine sampling of water from seven
basin tributaries was pérformed by the Tahoe Research Group during the spring

snowmelt period and the samples made available for our analysis. These
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Table 1
- DEICING SALT APPLICATIONS: WINTER 1980-1981

Lake Tahoe Basin (Total 412.2 tons)

County Line (Tahoma) to Tahoe City
Pla 89 P.M. 0.0 - Pla 89 P.M. 8.5 {17.0 lane miles)

Total tons = 74.9
Tons/Lane Mile = 4.4

N. Boundary "No Salt Test Sect." to Tahoma .
E.D. 89 P.M. 19.2 - E.D. 89 P.M. 27.4 (17.4 lane miles)
Total tons = 34.0 :
Tons/Lane Mile = 2,0

Tahoe City to State Line
Pla 28 P.M. 0.1 - Pla 28 P,M. 11.0 (30 lane miles)
Total tons = 87.2
Tons/Lane Mile = 2.9

Brockway Summit to Kings Beach (6 lane miles)
Total tons = 39.8%
Tons/Lane Mile = 6.6*

Echo Summit to Myers
E.D. 50 P.M. 66.88 - E.D. 50 P.M. 70.4 (7.48 lane miles)
Total tons = 49.3%
Tons/Lane Mile = 6.6%

Lower Myers Grade to State Line
E.D. 50 P.M. 70.40 - E.D. 50 P.M, 80.4 (39.80 lane miles)
Total tons = 73.0
Tons/Lane Mile = 1.83

County Lane to S. Boundary "No Salt Test Sect,"
E.D. 89 P.M. 0.00 - E.D. 89 P.M. 9.9 (23.40 lane miles)
Total tons = 54.0 '
Tons/Lane Mile = 2,3

"No Salt Test Sect." ‘
E.D. 89 P.M. 9.90 - E.D. 89 P.M. 19.2 (18.60 lane miles)

Total tons = 0
Tons/Lane Mile = 0

* estimated
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“tributaries included Snow, Ward, General, Trout, and Third Creeks, and the Upper

‘Truckee River—all very important to the nutrient budget of the lake (Leonard

and Goldman, 1981). From these data it was hoped that trends in the chloride

content of tributaries associated with the progression of the snowmelt would
become apparent. In addition to stream samples, several snow samples were
obtained from areas of varying road salt influence. These were analyzed for

chloride content, and a few chosen for assay of their effects on lake

‘phytoplankton.

Before proceeding to the results and discussion of the stream sampling,
it should .bé mentioned that no effort was made to determine the exact fluxes
of deicing salt# into i.ake Tahoe via basin tributaries. Goldman and Hoffman
(1975), using a twice monthlf sampliﬁg regime on four basin tributaries, were
unable to detect‘ any Cl” ﬂuxés in three of the four. Similar results were

obtainedlusing a daily sampling regime during one storm period of moderate

snowfall. Streams which did show evidence of elevated CI~ levels were found

to exhibit maximal inputs shortly after the storms began. This suggests that

salt influx might be of extremely brief duration, perhaps corresponding to the

actual period of application and the time shortly thereafter.
The results of all Cl” analyses are reported in Appendix E. It can be
seen that Blackwood, Eagle, General, Meeks, Tallac and Ward creeks all exhibited

very low Cl” values (range: 0.146 mg/l - 0,606 mg/fl) for the dates sampled.

‘Each of these streams emerge from relatively undisturbed watersheds and contact

the highway only briefly at a relatively short distance from the lake. Since

there is minimal exposure to roadways subject to deicing, the chloride levels in

these streams are most likely a direct reflection of chloride in the precipitation

itself. Precipitation data collected in the Ward Valley for 1980 indicate Cl™ levels

in rain and snow ranging from ‘a minimum of 0.050 mg/l to a maximum of
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0.656 mg/l (Leonard and Goldman, 1981). Both Ward and General Creeks were
sampled throughout the study, but only in Ward was a slight decrease in CI”
noted, which was associated with the seasonal change from winter to spring.
Meeks Creek, which was's'ampled only twice, also had slightly lower Cl” values
later in the season. In general, these results indicate that Tahoe's tributaries
along the west shore of the lake are very low in Cl". The levels are comparable

to those reported in an undisturbed watershed not subject to deicihg--i.e. Hubbard

‘Brook, New Hampshire which has an average runoff CI” concentration of

0.540 mg/l (Likens et al., 1977).

Trout and Dollar Creeks exhibited CI” values somewhat higher than values
of those previously discussed, possibly indicaﬁng incréased road salt influence,
Dollar Creek was at a very low flow when sampled in April compared to those
tributaries previously discussed, suggesting that any ‘road salt conramination
derived from the highway was subject to less dilutioﬁ. Trout Creek, which was
sampled fairly regularly from March to late May, gave a mean Cl~ content of
0.675 mg/1 with CI” concentrations appearing to decrease as the season progressed.

Incline Creek, Third Creek and Upper Truckee River were all sampled
regularly during the spring runoff and exhibited means of 2,290 mg/l, 1.281 mg/l
and 1.624 mg/l, respectively. Incline and Third Creeks, though located in Nevada,
are included with the present data to show the increased Cl™ concentrations
which might be typical of streams traversing large populated areas. The Upper
Truckee River, which was sampled fairly extensively by Hoffrnan -throughout
1974-75, gave comparable data in the present study with values fluctuating
around 1.6 mg/L

A natural drainage traversing a residential area in Tahoma, and Snow
Creek at Tahoe Vista, gave the highest Cl” concentrations observed in waters

which were not primarily due to street runoff. The high Cl” content of the
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Tahoma sample may be a reflection of county maintained deicing activity on

residential streets. - The elevated CI™ levels in Snow Creek are probably derived
from an adjacen_t sNow disppsal site. In a study of this particular disposal site,
which receives snow frpm the business areas of Kings Beach, Tahoe Vista and
Carnelian Bay, Foster (1971) determined an average snow Cl~ concentratio-n of
54 mg/l. This is very close to the 69 mg/l ClI~ value reported by Goldman and

Hoffman (1975) for obviously contaminated roadside snow. A decrease observed

‘in Snow Creek CI” from 10.290 mg/l in mid-May to 2.9%41 mg/l in July seems

to support the idea that the CI” was derived directly from the disposal site, as
all snow had long since melted by July.

No consistent pattern of Cl~ increase below the highways was observed
for those tributaries sampled above and below basin highways. There is not
sufficient information to draw conclusions similar to those of Goldman and
Hbﬁman regarding direct CI” inputs from basin highways. But the general notion
that the magﬁitude of road salt influence on those tributaries with limited road
c&mtact is small, applears to be valid, Thus, tributaries such as the Upper
Truckee which crosses Highway 50 many timés, Snow and Griff creeks which
have Highway ‘267 traversing considerable portions of their watershed, and Third
Creek which i.s adjacent to a portion of the Mt. Rose Highway, Vwould be expected
to be more heavily infiuenqed by road salting operations. Such has been shown
to’ be the case for at least the Upper Truckee River.

In addition to the tributary samples,rseveral snow samples were collected.
Fresh snow collected from Ward Va.lley had very low ClI” content, consistent
with values previously described. Roadside show sampléd at Cascade Creek had
a"slightiy higher CI” content (1.214 mg/l). Since Cascade Creek lies within the

"No-Salt Test Sectiqn," the increased salt content is probably "carry-over" from

the salted sections of highway. Plow-packed snow from the business area of
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Tahoe City had a very high CI™ content of 250 mg/l. Snow melt, from packed
sﬁow draining into culverts, was noted to have Ia concentration of “4#1 mg/l
Where such culverts release water directly into the lake, transient, localized
increases in salinity would be expected.
Analysis of all lake samples obtained from the littoral (near shore) zone
near Ward Creek indicated a mean CI° concentration of 2.054 mg/l .
(December 1980 to July 1981) and individual samples varied little from the mean
(standard deviation = 0.i66 mg/l). Although littoral chloride levels did decline
by about 0.3 mg/l (from Appendix E, the difference between values obtained
prior to and after mid-April) following the spring runoff, this decrease was
certainly smaller than {he >1 mg/l range reported previously for littoral locations
(Joint Studies Reports, California Department of Water Resources 1972-74),
Whether littoral Cl” levels were elevated during the winter due to road salt
inputs or whether the observed decline is simply a- dilution effect due to the
spring runoff would be difficult to determine. Mean Lake Tahoe chloride levels

reported in the literature range from 1.9 mg/l (Brown, 1979) to 2.6 mg/l

(T.R.P.A,, 1971).

BIOASSAYS
In order to determine potential impacts of deicing agents on Lake Tahoe

microbial communities (phytoplankton, bacteria), we used an extremely sensitive

e bioassay technique (Goldman, 1969), This was necessary because more

conventional microbial growth assays {e.g. light-dark oxygen technique, in vivo
fluorescence, direct biomass determinations, etc.} are not sufficiently sensitive

to determine the extremely low rates of growth that occur in Lake Tahoe,

14

Therefore, our basic experimental design involved the use of C-labeled

14

bicarbonate for estimating algal growth (autotrophic) and " 'C-labeled acetate
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‘flgr;'estiﬁaﬂ'ng‘. bacterial (heterotrophic) growth. The uptake of each was

monitored as a function of the concentration of deicing agent (see methods for

details).

A. ' Effects of Deicing Agents on Lake Tahoe Phytoplankton {Algal Bioassays)

1. Kiln-Dried NaCl
_ Lake Tahoe phytoplankton ‘were neither significantly stimulated nor
inhibited by 1 or 10 mg/l CI" additions of kiln-dried salt.* Bicassays using both
lév'els' of salt were conducted in December 1980, February, March, May, and
J:Un'e' 1981. " The benign effect of this salt at low concentrations appears to be
af consequencé of its’ iow"ﬁutrient/contaﬁiinant content., As can be seen from
-Table 2, the rﬁacronutr_iehts N.Hq, N037and Total-P, and the micronutrient Fe
are all p'reseht in very low concentrations. Calculating the amount of nutrients
contributed by a lO_ng/l‘ CI” addition to lake water, only 0.04 ug/l NHQ,
0.02 ug/l NO,, 0.03 ng/l Fe, and <.01 ug/l total-P increases above typical
lake concentrations would be seen (T'ablé 3). Such increases constitute less than
1% of the a\‘.rera‘g'e ambient lake ‘concentrat.ions. Therefore, it seems highly
u'nlikely“that fhé p'hytol‘blairikfon would be significantly affected by such small
ihcfeases énd, i‘n f'aét,-oﬁr data support this cohclusion. These findings are also
consistent with those of the earlier study (Goldman and Hoffman, 1975) which
found that low levels of kiln-dfied salt did not affect the growth of Donner
Lake phytoplanktoh. The desirability for continued use of this salt within the

basin is thus reaffirmed.

*Although significant growth responses to 1 and 10 mg/l as well as 0.01 mg/l CI”

were indicated by the December 1981 assay, these results appear anomalous.
While maximal algal growth responses compared to the control are typically
observed on the 4th or 6th day of incubation, those for 0.1 and 10 mg/l but
not 1.0 mg/! occurred on Day 2.
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In assays using higher levels of kiin-dried salt, algal growth was inhibited
to varying degrees. Concentrations as low as 100 mg,/1 Cl” were observed to
effect a sustained decrease in April and May wh;reas a concentration as high
as 1000 mg/l only temporarily inhibited algal growth in March. The shifting
critical salinity levels which caused sustained decreases in algal grbwth seemed
to depend on the particular 'Species assemblage and possibly on its nutritional
state.  Phytoplankton enumerations performed on both March and late May
bioassays indicated the two species assemblages to be quife different. The

March final control culture presented a diverse assemblage of species dominated

by a "bloom" of the diatom Asterionella formosa, with Kephyrion c.f. rubri-
claustri, a small microflagellate and an unidentified microalga all. present in
significant numbers; the late-May final control culture had lower cel_l__de_nsities
overall, and a less diverse community. .A microflagellate (<3 u) was the dominant

species, with Pseudokephyrion ovum, Chrysolykos planctonicus and an unidentified

- Chrysophyte also being quite abundant. It should be noted that the final cell

numbers of all four of the predominant May speéies were reduced relative to

=1 Kiln-dried salt, whereas in March

the control after exposure to 100 mg/l CI
only one of the four predominant species was similarly affected. Microscopic
observations also suggested that the March culture was in a nutrifionally favorable
state, whereas the May culture may have been nutritionally deficient.

Monoraphidium contortum, an alga typically found only in deep water {575 m)

(Vincent and Goldman, 1980) was abundant in surface waters on the date the
March sample was taken. Vincent and Goldman indicated that such occurrences
would only. take place during winter mixing of epilimnetic water with the deeper
nutrient-rich water in which these algae are found. The "bloom" of Asterionella
formosa and other species in March seems to confirm such an influx of nutfients.

Conversely, the May sample exhibited typical signs of nutrient deficiency in that
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o\)eréil densiti‘es were low and maﬁy Qf the diatoms were observed to be chlorotic

| 61' senescing. |
| For puri)oses of this report, it suffices to say that levels of salt above
5:(5 mg/l Cl” kiln-dried salt are likely to inhibit algal growth at least at certain
~ times of the .yea_r. Certain periods of increased tolerance to elevated salinities
aﬁpear to correléte -with periods in which the predominant species consist of

‘those inherently more tolerant, and to periods of increased nutrient abundance.

2. Processed NaCl

Algal growth was signiﬁcantly stimulated by a 10 mg/l CI” addition of
processed NaCl on one oflf'our dates assayed a‘md was not significantly affected
by 1 mg/l ClI” additions in any experiment. Both levels of salt were assayed
in SMarch; May, Juﬁe and early July 1981. Although not statistically significant,
10 mg/i Cl™ tended' to be stimulatory (P < .10), in March carbon uptake 124%
tﬁét of the control (i.e. the fewer replicates per treatment [2] utilized in this
‘bioassay ;\rere responsible for the relétively more stringent statistical
iriterpretation). “In May, the séme level of salt was significantly stimulatory,

l'l}(l-upté;.ke increased to 121% of the control. In both June and early July,

and
né‘ signi;ficant response was observed. In the early July biocassay, the effects
' of :10 mg/l CI” were a_ssayéd on & different lake samples from 3 different areas
of ‘the lake: North Lake Tahoe ~50 m off the mouth of Snow Creek, West Lake
- Tahoe ~10 m off the mouth of Ward Créek, a West Lake Tahoe Pier ™300 m
solith of Ward Creek, and South Lake Tahoe ~10 m off the mouth of Tallac
- Creek, Each sample“ exhibited a different level of productivity, probably
reflecting the different ;evels of avaijlable nutrients at each site, yet none of

. . | .
these samples responded to additions of the processed salt.

)
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Chemical analysis of fhis sél.t.réveaied irery low macrondtrienf (N and P)
concentrations, similar to those of kiln-dried salt, but an .eievlated concentration
of biologically available iron. This might be expected since processed salt is a
combination of rock salt, with iron-containing sodium ferrocyanide, Fe(CN)G,
added as an anti-caking agent. Sodiurﬁ ferrocyanide is soluble in water and has
been reported to photodecompose and relea#e cyanide when placed in direct
sunlight (Hanes et al., 1970), Howevér, photodecomposition apparently does not
affect the amount of biologically available iron. Chemical analyses performed
both on sunlight exposed and shaded solutions of processed salt revealed them
to have a biologically available iron concentration of ~15.83 ug Fe per gram of
salt, Therefore, the nutrients contributed by a 10 mg/l Cl” addition of processed
salt can be calculated to be 0.6 ug/l NH, -N, 0.0 g/l NO;-N, N.D. -Total-P,
and 0.26 ug/l Fe. Approximately 9 times the biologically available iron contained
in Kiln-dried salt fs contributed by a similar- por;cion of prbcessed salt,

Iron has been shown to be a nutrient limiting to Lake Tahoe phytoplankton
during certain periods of the year (Goldman, 1965, 1972, 1976, 1981; Elder,
1974). Additions of 4-5 g/l Fe have stimulated algal 1l'LC--ui:ﬂ:rzr.ke to 140% of
control while nitrogen_ at the same levels had little effect (Goldman, 1974).
Thus, the iron contributed by the processed salt may have been responsible for
the observed stimulation in May and March. I the phytqplankton were in a
sufficiently Fe-deficient state on these dates, one Would expect them to be .
sensitive to the 0.26 ug Fe 1 addition corresponding to a 10 mg/l Cl~ addition
of processed salt. Phytoplankton cell counts performed on the late May initial
fake sample indicated many of the diatoms to be chlorotic. This is often an
indication of Fe deficiency (Bidwell, 1974), which further indicates that the
algae, at least in this bioassay, may have been stimulated by the low levels of

iron contained in the salt.
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It is difficult to predict when such periods of Fe limitation would occur,

since the interactions between nutrients and phytoplankton in Lake Tahoe are

complex. One might expect to see limitation during periods of low iron input

;, (mid-winter) and not to observe it during periods of higher input (spring). This

is not necessarily the case though, as other nutrients may be similarly abundant

or deficient during the same period. For instance, peak inputs of iron and

‘nitrogen to Tahoe are typically associated with the spring snowmelt, Studies

_have indicated that inputs of iron from year to year are more directly dependent

on the magmtude of the runoff than are those of NO,-N (Leonard et al., 1979).

'Therefore, in a year of less 1nten51ve runoff, iron levels may regulate

phytoplankton to a greater extent than nitrate levels. This may, in fact, explain
the iron stlmulauon observed in May, since the spring runoff was lower in 198l
due to below average preC1p1tat10n and snow-pack. The fact that nutrient-

phytoplankton' interrelationships are indeed complex and extremely dynamic is

‘underscored by the lack’ of significant responses in June and July--as iron

Iimitation in May might be expecfed to become more intense during these two

months due to very low influx of iron. Though desirable for purposes of this

-'study, it is difficult to predu:t the permds in which phytoplankton would be

more or less ‘likely to be stimulated by the iron contained in 10 mg/l CI” of

- processed salt.

As for ..‘kiln-dried salt, higher levels of processed salt were also assayed,
A 50 mg/l Clj addition to Lake Tahoe water in late May proved to significantly
1nh1b1t algaI 4C—uptake by 21% Uptake returned to control levels after four
days and mcreased to 121% of the control on Day 6. Additions of 100 mg/l CI”
significantly i{nhil;i'ted-al.gdl. growth on two 6f .three dates assayed. In April and
lafe May; algal lt'l'(‘_‘.-uptz-ﬂ«:e 'was. reduced to 87% and 73% of the contro],

respectively, on Day 2. Unlike the response observed for kiln-dried salt (in
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which algal ll“C-uq:rcake remained below control levels), uptake returned to control

levels after six days. In March, no initial inhibition was observed with this

~ level of salt, and a significant increase to 140% of the control occurred after

8 days. This further emphasizes the fact that processed salt is more stimulatory
than kiln-dried. A 100 mg/l Cl” addition produced an inhibitory response similar
to that produced by the same level of kiln-dried salt, Algal metabolism was
initially reduced to 65% of the control and remained at approxihately the same
level throughout the biocassay. |

Assays performed using higher levels of. processed salt indicated an initial
metabolic inhibition,} identical to that caused by kiln-dried salt. However,
phytoplankton inhibited by processed salt tended to recover to initial rates of
ll'LC--up'cake better than those inhibited by kiln dried salt. It appears that the
increased nutrients associated with this salt, particularly Fe, may have been
responsible for this recovery. It should be noted that the 2.6 ug/l Fe contributed
by a 100 mg/l CI” enrichment is approximately equal to the lower limit of the
range of ambient lake —concentration. Therefore, the salt addition was also
caﬁsing an approximate doubling of the concentration of biologically available

iron in the water.

3. Sand and Cinder Leachate

It is difficult to determine what level of abrasive per liter of water would
be representative of levels observed in nature. A solution of 10 g abrasive per
liter of distilled water was chosen for use in these bioassays only as a reférerice
against which actually observed concentrations must be compared.l Althoﬁgh no
sediment analyses were performed on roadside snow, a previous study (Foster,
1971) determined the sediment load to be 1.53 g/l on the average, with a

maximum of 4.0 g/l in snow disposal site snow, which can be considered a rough
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aﬁproximation of roadside abrasive levels. However, this sediment consists not
only of abrasive, but also includes silt and other particulates, and so the leachate
salutions“ prepared for use in the bioassays represent somewhat high
cencentrations. However, it should be remembered that a variety of conditions
are present in the field whrch may further enhance leaching action. For instance,
the chem1cal compos1tmn of the snowmelt water itself, whether draining off the
pavement or percolatmg through d1sposal mounds, is hkely to be very different
from the drstllled water used in preparatlon of the leachate solutions. Obvious
drffermg factors are solute content and pH. Lake Tahoe precipitation is slightly
'ac1d1c and an ac1d1c leachmg solution would be expected to more efficiently
leach chemically bound substances than would a more neutral one. Abrasives
on tne hi.'ghway are also subiected to grinding and mechanical breakdown. Such
wear would be e‘kp'ecte'd .to increase the surface area of particulates, which
weuld furtner tend tcA increase ieachate levels. Thus, the solutions prepared
may actually provxde a fa;rly good approxrmanon of the leachate concentrations
found in the fleld -
Sand- and c1nder—leachate solutlons were assayed in April and June 1981.
A 5 ml cmder leachate addrtlon (196 by volume) was significantly stimulatory
in April. (127% of control), while a 0.5 ml addition (0.1% by volume) was only
slightly stirnulatory' (110%,ot cahtfbi) and not significantly different from the
" control,  Sand leachate proved to be neither mgmfrcantiy stimulatory nor
5 mmbxtory durmg th1s same perlod Nerther sand nor cinder leachate was
_sxgmﬁcantly stlmulatory in June. AlthoUgh the 0.1% sand leachate showed
statrstxcaliy s1gn1f1cant stlmulatxon on Day 2 (in June), this result was anomalous,
since a 1% concentration showed no effect.
Chermicai analysis of the macro and‘ selected micronutrients leached from

both abrasives, as well as the nutrient leVels contributed by each enrichment
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are given in Tables 2 and 3. It can be seen that bofh abrasives contribute very
low concentrations of the nutrients analyzed. Sand .con‘tributed slightly more
NHa and 3-4 times more iron than cinder, whereas cinder contribﬁfed considerably
more total-P and sodium, The stimulatory effects of these low levels of nutrie_nts
will again depend on the nutrient-phytoplankton interrelationships at the tim_e
of sampling, The much higher level of total-P in the cinder leachate may have
been responsible for thé stimulation seen in April. It is also possiblg that a
particular combination of total-P with other limiting nutrients, possibly trace
elements, contained in the cinder leachate were jointly responsible. The results
of the cation analysis indicated "that cinder leachate contained a greater quantity
of the monovalent cations sodium and potassium than did sand leachate. Levels

+2 and Ca+2 were similar in both solutions. It is

of the divalent cations Mg
probable that Na® and K* as well as the total-P are actually solubilized from
the cinder material itself and that sand, which generally consists of minerals
which are more resistant to weajthering, releases lower quantities of these
materials,

The fact that cinder was stimulatory during certain periods of the year
may be important to decisions regarding its usage. In addition to the leachate
nutrients carried in runoff, cinder may be contributed directly as a particulate
to the lake. It has been suggested that constant vehicular traffic over roads
on which. cinder has been applied has a tendency to break down the cinder
particles and resuspend them into the air as a fine dust. Cahill et al (1978)
previously showed that the levels of particulates (as traced by silicon) in the
air near major thoroughfares, during the winter, can actually approach
concentrations observed near dirt roads in the summer. He attributed these
high winter levels of particulates to road sanding and salting operations. Since

most basin highways are located adjacent to the lake, much of this suspended
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particulate‘ material is likely to eventually settie in the lake and so become a
direct source of nutrients and silt. Sand appears to be the more biologically
inért -of the two abrasives, and so its use may be more desirable than cinder

within the Tahoe basin.

4, Snow, Stream Runoff Roadsxde Dramage

In addltlon to testlng the effects of 1nd1v1dual deicing agents, several
snov‘a; roadside dramage and stream runoﬁ samples were assayed in an attempt
to approx1mate the 1mpacts of delcmg-agent-lnﬂuenced and noninfluenced waters
reachmg the lake. Although natural waters contain such a broad spectrum of
contamlnants that it is dlfilcult to attrlbute the results observed to any one
substance, these assays are valuable for comparmg the stlmulatory or inhibitory

potentlal of dlfferent waters.
| Cascade and Eagle Creek waters, Wthh traverse the "No Salt" test section
of nghway 89, both 1nh1b1ted algal growth F_agle Creek water appeared almost
toxxc in its effects on the phytoplankton as algal growth was reduced by 85-90%,
Smce the hlghways 1mpact1ng these streams are not subject to salting, deicing
salts did not play a role in thxs inhibition. Eagle Creek traverses a heavily
used summer day—use area; it is p0551ble that some contaminant was derived
from this area. General Creek marsh water and Ward Valley snow, which also
had" natural levels of chlorlde, proved to be nelther stlmulatory nor inhibitory
to algal growth An assay performed in Wthh klln-dned salt in concentrations
of l and 10 mg/l Cl”~ was added in concert thh the Ward Valley snow produced
similar results. Although basm snow may contaln significant quantities of NO3
NHq and SO#, 1t probably represents the "purest" water reaching the lake. The
" results of the snow + kiln-dried salt experiment suggest that this salt, at least

at concentrations of about 10 mg/l, is e_qually innocuous in both natural and
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laboratory "pure" waters. Ward Cl;eek water sampled ffom above and below
Highway 89 significantly stimulated algal growth to 127% and 118% of the
control, respectively. Although chlori;le levels in this tributary were slightly'
elevated compared to the west shorje average, the highway ifself did not add
to the CI° concentr;ation of Ward Creek. Therefore, the stimulatory potential
of these waters appears to result from natural contamination added prior to
reaching the highway.

Samples which showed minor road salt contamination were observed to
have either no effect or a stimulatory effect on algal growth. A roadside
drainage sample with a chloride content of 8,555 mg/l Cl” had no significant
effect on algal growth, whereas a Cascade Creek roadside snow sample, which
showed obvious cinder contamination but little road salt contamination
(1.21% mg/1), significantly stimulated algal growth to 164% of the contro] after
eight days. The high cinder contamination may have beeﬁ partially responsible:
for the stimulation, but it should be recognized that several other road derived
contaminants may have also been present.

Water samples having a high degree of road salt contamination also
significantly stimulated algal growth, But because the contaminating salt in
these samples was the non-stimulatory kiln-dried salt, stimulation was probably
attributable to the other nutrient contaminants, A Tahoe City roadside snow
sample (250 mg/l CI') caused the highest stimulation (173% of the control after
eight days) observed in these assays. Contamination with road-derived substances
other than salt was visually noticeable in this sample. A sample of water
leaching from roadside sand on the Ward Creek bridge stimulated algal growth
to 138% of the control after eight days. The stimulatory potential of these
waters is probably typical of drainage from heavily traveled sections of basin

highways and urban areas. In particular, where contaminated water is channeled
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directly to the lake via storm drainage systems, little dilution with "clean"
snowmelt would occur, and at least on a very localized scale, impacts would be

greatly increased. -

B.”. Effects of Delcmg Agents on Lake Tahoe Heterotrophs (Bacterial Bioassays)

I. Kiln-Dried NaCl =
‘Laké:,“f’ah‘.oe .‘bacterial‘ métabolism, as measured by 1‘!‘C-aceta‘te uptake,
was neither: sign;i‘f.iclallht‘ly gfimhléted nor inhibitéd hy kiln-dried salt concentrations
‘caf";iOO mg/1 "Cl'_'l.dr lower. ‘Bidéssa‘ys were conducted twice in May using I, 10,
la‘n:dlrIOO mg/! cr- ‘Conc'éhtfei{i.ons énd hnce in June for 1, 10, and 50 mg/l chloride
lé\!;é-l-s. A much higher Ie'.;\:rél of this salt, .l.OOO.mg/l Cl;, was assayed in early
May and prt‘md'to“g"reatly incféaséhacterial metabolism to 236% of the control.*
"~ As in the éllg;l gro;\ﬁh experiments (see Section V.A.l) kiln-dried salt had
no effect on bacr:téri:al 'm;t_ébolism at "thé low concentrations measured in
triiﬁilfériés entermg t'hé- "iake. Aéain | this apperars to be due to its low
hhéﬁiéht/éohfafhihah;: content Although léss research has been done on Lake

Tahoe heterotrophs relative to ‘autotrophs (algae) with regard to nutrient

P ¥y

limi:téﬂOn,""i'\i*-o , nitl:ogén, éhdjphos'[:;hé:t"us'are all expected to be in sufficiently

short supply to have a ﬁfniting effect on bacterial growth, as well as algal

growth, More in’ipo‘rtaht' thoﬁgh 1s ‘the availability of dissolved organic carbon

*NOTE: In all bacterial bioassays, a-high degree of variability was noted between

- replicates for particular treatments, Because of the tendency of bacteria often
to occur as aggregates, as well as grow in association with detrital particulates
(Paerl, 1974), equal distribution of bacterial populations in culture flasks is not
always achieved. Furthermore, the bacteria may be in varying physiological
states in different culture flasks. For instance, some of the bacteria associated
with stream-derived detritus may be in a poor state, due to their inability to
do well in a lake environment. McKinley and Wetzel (1979) noted similar high
variability in culture studies of Lawrence Lake heterotrophs, as did- Goldman
and Hoffman (1975) in the previous study. Thus, the high degree of variability
in bioassays using indigenous lake bacterial populations is not unusual.
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(DOC) which is present in very low @ncentrations in Lake Tahoe. The DOC
consists of solubilized material from both living and dead organiSms and is the
principal source of energy for heterotrophic metabolism. Kiln-dried salt has
aiready been shown to contribute  only verjr low concentrations of NH,‘, N03,
Total-P and Fe (Sect_ion V.A.1) and it would not be expected to contain significant
amounts of organic carbon.

| The baéteria were not affected by concentrations of kiln-dried salt which
were sufficient to reduce algal growth, Bacterial metabolism was affected only
at very high concentrations and in these cases the observed response was exactly
opposite (stimulatory) to that of the phytoplankton. It is- possible that the
nutrients added along with the salt at these high levels were responsible for the
observed growth. It is also possible the salt had an indirect rather than a direct
effect on the bacteria. The positive response may have been a consequence of
the detrimental action of the salt on the algae. Some algae respond to osmotic
stress by releasing organic sc;lutes (Antonyan and Pinevich, 1967), wherea§ other
species are not able to react sufﬁciently and experience cell lysis. In both
situations there is a net release of DOC which may actually have provided the

bacteria with organic material sufficient to stimulate growth above the control. -

2. Processed NaCl

Bioassays using 1 and 10 mg/l CI” concentrations were conducted twice
in May and once each in June and July. Bacterial metabolism was significan:tly
inhibited by a 10 mg/l CI” addition of this salt on only one of the four assay
dates. In June, acetate uptake was reduced to 83% of control after two days
by 10 mg/l CI” with a subsequent decline to 45% of the control by Day 6. The
! mg/l CI treatmeﬁt also tended to be inhibitory (P < .10) at this time with

metabolism reduced to 60% of the control by Day 6. Higher levels of salt were
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éiségyéd m‘May, ‘:an'd' a 1000 Jn"ig/l ClI™ enrichment was required to cause inhibition
sithilar to"'t'ﬁ'a't':ob‘sét-(ved‘f'or“"or"{ly 10 mg/1 i.n June.

At ‘least at certain times of the year, the bacteria appear to be
c[étrimentally affected by. some chemical or combination of chemicals derived
from tﬁi§ salt, The‘ varying toxicity of this salt is not easily explained though.
It :‘appe;ars that eithef the toxicity of the chemical(s) or the susceptibility of
the- baéte'i"ial p'optilatid‘ns“mus‘c“be ‘Sl.lb'jec:'t to dynamic change. Cyanide derived
f:i'ci';fn'th;e ‘ferrocy'an-id.e o‘f":}':'ﬁt"oc'es‘s‘éd'fsalt is both a highly toxic compound and
one whose tbxicity may ‘vary dependihg on the environmental conditions. As
mentioned “earlier, fle"rrOc':;ékr'ii.'c:ie rapidly degrades in sunlight but slowly degrades
in the absence ‘of light to release cyanide anions (Hanes et al, 1970). The
'téxiici'fy', .t‘ﬁc’iu‘;gh, is not déﬁéhdent solely on the action of the CN™ anion but on
its combination with'the hydrogen ion H* to form HCN (Brown, 1968). Therefore,

at \loWe‘r'pH:',“ wheh there is a higher concentration of H' available to complex

with CN", the :{f;cikié‘ity: of cyanic[e is enhanced. *'For instance, at pH 7 or below,

99 pefcent of the cyanidé exists as HCN, whereas at pH 9 only approximately

58 "bercéﬁ"'t\‘ exists in the toxic form (Hanes et al.,, 1970). The waters of Lake

Tahoe ‘and i'i.:é"aséc;gi‘afééi tributaries have béen shown to be subject to localized
pH " fluctuation with values ‘occasionally observed as low as 6.8 and as high as
8.4 (California Department of Water Resources, 1972, 1973, 1974). A lower pH
at the sampled littoral site in June relative to other dates could acount for an
i-ncr’éaséd to@;icify d_f the ut‘:ya_n_ide' fraction of the prfocessed salt and, therefore,
the bacterial inﬁibiﬁbn obs_er‘\'?ed.'. Unfortunately, pH measurements were not
included as a paramétér of study m this r_éSearch.

The levéls of cyanide which become inhibiting or toxic to bacteria are
repbrtéd o vary ‘depending  on th?:_ species.  Gel'man .et al. {1967) noted

4

concentrations of between 10~ and 10 M CN~ to cause nearly total inhibition

i
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in several species of bacteria. Zintgraff (1968) noted unacclimated mixed
bacterial populations to be affected most severely, with concentrations as low

as 1 x 10-7

M observed to affect the growth response. The concentrations of
CN™ applied with a 10 mg/l CI” addition of proéessed salt in this study appear
to be very low. Using the biologically available iron as an estimate of the iron
contributed by the ferrocyanide in processed salt, and assuming a ratio of 6 CN:
1 Fe and a concentration of 0.23 ug/l biologicélly available Fe, the cyanide
contributed to solution would be ~2.5 x lO'SM.: This value is probably the
minimum value contributed since not all the Fe is accounted for in a determination
of biologically available iron. While this concentration is very low, it is close
(within an order of magnitude) to values which have previously been observed
to affect microbial populations. As indicated earlier, the particular action of
the salt may also be related to the susceptibilities of the specific bacteria
inyolved, Therefore, since bacterial populations in lakes are extremely dynamic
both spatially and temporally (Wetzel, 1975), the somewhat inconsisteht effects
we observed between four trial dates in May and July are not especially surprising.

‘Whether the source of inhibition is cyanide, species-specific sensitivities
or élven some other contaminant, the observed potential for bacterial metabolic
inhi_%:ition as well as its potential for algal growth stimulation at low concentration

suggests that the use of processed salt may be less desirable than the use of

kiln-dried salt. It is recommended, therefore, that Caltrans continue the exclusive

. use of kiln-dried salt in the Tahoe basin.

3. Sand and Cinder Leachate
The bacterial response to sand and cinder leachate solutions was determined
in June 1981. Similar to its effects on algal metabolism, cinder leachate appears

to stimulate bacterial metabolism, A 1% solution of cinder leachate significantly
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éf'fﬁiﬁlaté'd bacterial metabolism to 126% of the control on Day 2. Metabolism
s‘ﬁi‘)séquently' returned to gonirbl lévels 'by Day 6. A 0.1% solution had no
apparent effect. ' Sand leachate proved to be neither significantly stimulatory
nor inhibitory "dﬁtihg‘""th'is same period.

Phosphorus is an ess'enti'al"nﬁtriénf required by both the bacteria and the
algae for growth, AS indicated earlier, cinder leachate contributed proportionally
more phosphaté to ‘slution ‘than '“NH;,"NO?or the micronutrient iron. Goldman
and Hoffman (1975) ‘previously reported the deicing -agént potassium ;ﬁhosphate
to be highly stimulatory 16 bacterial growth, causing increases in 8¢ acetate
uptake of up to #00% of ‘control. Thus, thé:éxtrémely low levels of phosphorus
contributed by the 1% addition of cinder léachate may still have been sufficient
to-stimulate both bacterial ‘and algal growth in the present study. Sand appears
to be the favored abrasive for use Wifhin the Tahoe basin since, even at

enfichments of 1%, it had no significant effects upon either algal or bacterial

me%abdlism;

C. ‘ PreriphytAon:‘- Bmassay _ _
| In Lake Tahqe, the tperi.phytoq (atta@ﬁéd algae) community has provided
the moﬁ yisible _evide;_nce of cultural‘eutrophication in the basin. Because the
!ittora; Zone is“a transition region bet‘v.\{een‘ the terrestrial environment and the
pelagic environment qf ) lakes‘, it isr first to be exbosed, to increased nutrient
inputs which often result from man's _activities within the drainage basin (Goldman,
198:.'1; I.er, 19‘8.0‘)'. -T:herefore, we f.el.t it was essential to conduct a preliminary
exbériment designedlto test for the_potent_ial effects of deicing salts on the
grthh _oi Lake Tahog periphyton.
Continuing studies of the periphyton';':lt Lake Tahoe have shown that

nitfpgen-fixi_ng blue-green algae comprise a major fraction of the periphyton
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community below the uppermost ';splash" '.zone‘(Loeb', '1980; Goldman, 1931; Loeb
and Reuter, 1981). These algae havé _the ébili-ty_- to convert biologically unavailable
atmospheric nitrogeﬁ gas (N,) into ammonium which can then be directly used
for cellular nitrogen metabolism. Not 6nly do the blue-greens benefit from this
process, but other non-fixing periph‘yton_and 'blankt‘c'anic algaé méy benefit from
the eventual death and release of this new, e.xternal-‘sour{:e of combing’d nitfogen.
Furthermore, sodium, and particularly iron, hé\'Ie been shown'fo ‘be essential to
the enzymatic (via nitrogenase) reduction of N, to NH, (Sfé@art, .1974), and
both of these nutrients have been'previoqsly .shown to be contributed by either
kiln-dried (Na) or processed (Na + Fe) salt, |
Most bioassay studies df'périphytbn have used algae grown on értificial
substrates, such as plastic or gla-ss. slides, which are usually suspended‘ in the
water for periods of a few weeks. ‘' However, since the blue-green algae-dominated
communities at Lake Tahoe afe very slow to recolonize‘ a substrafe (eifher
artificial or natpfal), we used a new tebhrjique ihvolving in situ incubations of
epilithic periphytﬁn with salt solutions -‘and 1tll(:-bicarbu:inate administered using
SCUBA techn'iques. (Lqeb, 1981). - Algae were pre;in;:ubated in hemispherical
domes. with 1 and 10 mg/l Cl'lr of kiln-dried and prog:esséd- salt for 24 hours.
Carbon-14 labeled-sodium bicarbonate was then 'injected into the chambers
followed by a 3.3 hour incubation after which _tﬁe algae were subsampled and
analyzed for radiocactivity, and_cérbon,_ and nitrogen content. |
~ The resUlfs indicated no stafiéticall'y signiﬂcant differences (P > 0.05)
between treatment and 'c:ontro.lr r;':ttes of .urptake. VHkoever, values of speciﬁc—
broductivity' (i.e., productivity. nbr’fﬁali:;ed _to,.bid'mass)l' ‘were always less in
treatments than in .co'ntrOIS.in'clitzraf.ing a gérieral Ldepréssi'or-i of photOSYnthesiﬁ in

the presence of increased salt concentration. ' Future studies of algal-salt
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longer incubations and assays for’ N';_,-ﬁxation which may be more sensitive to

road salt contaminants.
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Experiments analyzing the effects of deicing salts on Lake Tahoe
periphyton growth were performed in situ. Photo above shows a
Tahoe Research Group diver in the littoral (nearshore)} zone of Lake
Tahoe with a similar periphyton bicassay in progress. (Photo by
Flip Nicklin, National Geographic Society, 1980)

Unique incubation chambers are affixed by weight over substrate
covered with attached algae (periphyton). Small quantities of solutions
containing the deicing agents are then injected into the chambers
(shown above)} and periphyton allowed to incubate for 24 hours.
14C-bicarbonate is then added to each and rates of photosynthesis
determined.
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V. CONCLUDING DISCUSSION

Results of the stream sampling done in the Lake Tahoe basin both in
1974-75 and this past winter (1981) showed that the majority of these streams

exhibited low chloride concentrations (near natural levels) throughout the winter.

~ This may indicate that either brief pulses of increased chloride levels do occur

in résponse 1o deicing operations but have gone undetected due to insufficiently
intense sampli'hg, or that road salting activities actually have little chloride-
impact on basin streams. "It does not indicate that applications of road salt are

insignificant relative to the runoff contributed from the watershed. The 412 tons

“of road salt applied during winter 1980-81 to basin highways on the California

side -:'of the lake would have been Suﬁicient to maintain chloride concentrations
of 07 mg/l above émbié'nt for a fuil year in each of the California-side
tributariés.* Very few of the basin streams showed such elevated levels.

If, indeéd; tributari.e.:s' contribute very little of the salt applied to basin
hi_ghi#a}is, the question remains as to where it is going. It may be that direct
sUffa’Ce runoff or grouhdwater. flow contribute the major influxes of road salt

to ‘the lake. The close proximity of highways to the lake in several areas

“suggests that direct inputs of saline street runoff are likely. In populated areas,

surface runoff may be channeled directly into the lake via storm drainage

systems, Groundwater inputs are also likely. The occurrence of salt-damaged

trees’ along sections of basin highways (Scharpf and Srago, 1974; Leiser et al,

::"‘-19805"indicates that at least a portion of the saline runoff enters soils adjacent

*Assuming an average annual tributary input of 269,000 acre feet on the California
side:of the Basin (Dugan and McGauhey, 1974) and that #12 tons of road salt
(60.66% CI7) reached the lake this same year via tributaries. Note that runoff
1980-81 was reduced compared to the average, thus 0.7 mg/l is probably an
underestimate. '

i
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to salted sections of highway. In many areas, these soils overlie porous alluvial

and glacial deposits through which groundwater may flow into the lake

(U.S. Department of Agriculture, 1974; Loeb and Goldman, 1979). It is conceivable

that much of the salt input into the surface soils is eventualiy flushed downward
through the alluvium into the groundwater, Leiser et al. (1980) in fact found
the soils in their study area to leach well, with no evidence of salt build up.
Once in the groundwater the salt must eventually end up in the lake. Further
study on the contribution of groundwater_Na and Cl” to Lake Tahoe is necessary
to assess the magnitude of this salt source relative to other pathways into the
lake.

With respect to surface runoff and the fate of the salt, a further point
deserves mention. One of the proposals to deal with noh-point source pollution
within the basin is to channel storm runoff _through marshland~wetland systems
where natural sedimentation and removal of nutrients takes place. In such
systems, saline street runoff may be retained for long periods of time and
dissipate at slow rates., The consequences of increased salinities in such areas
are uncertain. .Littie effect might be expected on the aquatic vegetation, as
most of the macrophytes die back in late fall. But salt rnéy move from the
water into the marsh sediments (Lerman and Jones, 1973) and have significant
detrimental impacts on microbial communities as well as on. buried ‘macrophyte
roots and rhizomes. On the other hand, it may be that such systems will not
be adversely affected by these salt concentrations, and may actually serve to
mitigate the effects. It is recommended that preliminary studies be conducted

prior to adopting a disposal scheme based on use of wetlands for water treatment.
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Graphical Presentation of Statistically

Significant Bioassay Resuits

* Statistically significant.
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Figure 1. Bioassay of ki]nrdriéd sa1t additions to L. Tahoe water conducted
11-19 March 1981. (A1ga1)
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Figure 2. Bioassay of kiln-dried salt additions to L. Tahoe water conducted
3-11 April 1981, (Algal) |
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Figure 3. Bioassay of ki]n~dried'sa1£ additions to L. Tahoe water conducted
4-10 May 1981. (Bacterial)
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‘Figure 4. Bioassay of ki]n-drigd salt additions to L. Tahoe water conducted
30 May - 5 June 1981. (Algal)
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Figure 5. 'Bioassay of processed.salt additions to.L, Tahoe water conducted
11-19 March 1981, (Algal)
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Figure 6. Bioassay of processed salt additions to L Tahoe water conducted
3-11 April 1981. (Algal)
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Figure 7 Bioassay of processed salt additions to L. Tahoe water conducted
' 4 10 May 1981.  .(Bacterial}
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_Figur‘e 8. Bwassay of processed salt add1t1ons 1:0 L Tahoe water conducted
30 May - 5 June 1981, (K1gal)
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Figure 9. Bioassay of processed salt additions to L. Tahoe water conducted
 23-29 June 1981, (Bacterial)
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Figure 10. Periphyton bioassay conducted in situ at Rubicon Pt. 7-8 July 81.
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Figure 11. Bioassay of sand and cinder leachate additions to L. Tahoe water
~ conducted 3-11 April 1981. (Algal):
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Figure 12. Bioassay of7sand and cinder Teachate additions to L. Tahoe water
conducted 23-29 June 1981. {Bacterial). |
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Figure 13. Bioassay conducted 10-16 December 1980. (Algal)
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Figure 14. Bioassay conducted 7-13 February 1981. (Algal)
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. - ' 12
S _ {(Periphyton)
‘ co 7-8 July 1981
PB'E- ' Tatal Carbon Specific Production
mgC/m- /hr gC/m? mgC/g total C/hr

Control T 1378 16.11 0.86
‘ ' 13.79 21.72 0.63
~ Control 2 12.38 16.01 0.77
L 15. 42 13.60 1.13
Processed Salt 1 9.72 16.45 0.59
1 mgC1/1 - 3 16.02 18.35 0.87
 Processed Salt 2 . 5,01 12.02 0.42
1 mgCl/1 12.80. 18.90 0.68
Processed Salt 1 ‘ 12.11 15.07 0.80
10 mgCi/1 - 12.60 16.16 0.78
“Processed Salt 2 9.60 - 18.34 0.52
10 mgCl/1 11.81 22.50 0.52
Kiln Dried Salt 1 8.60 10.55 0.82
1 mgClél 8.17 9.94 0.81
Kiln Dried Salt 2 9.61 12.69 0.76
 1mgCil 9.15. 14,54 0.63
" Kilm Dried Salt 1 , .28 13.47 0.69
10 mgCl/1 | 8.30: - - 16.59 0.50
Kilnr Dried Salt 2 o 7.05 14.80 0.48
10 mgCl/L : 12.76- 19.41 0.66
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‘Appendix D: Bioassay Treatment vs. Control Contrasts.
Treatment Considered Not Significant (NS} at p > .10.

Biocassay No.

Treatment

67

Day 2 Day 4 Day 6 Day 8

1
{autotrophic)

2
(autotrophic

3
(autotrophic)

4
(autotrophic)

ClibPDF - www .fastio.com

0.1 mg/1l Xild Dried

1 mg/1 Kiln Dried

10 mg/1 Kiln Dried
10% Cascade Cr.

10% Hwy 89 Roadside
10% General Cr. Marsh

0.01 mg/1 Kiln Dried
0.1 mg/1 Xiln Dried
1 mg/1 Kiln Dried

10 mg/1 Kiln Dried
10% Eagle Cr. BLW 89
10% Ward Cr. ABV 89
10% Ward Cr. BLW 89

1 mg/1 Reagent Grade
10 mg/1 Reagent Grade
100 mg/1 Reagent Grade
1 mg/1 Kiln Dried

10 mg/1 Kiln Dried

100 mg/1 Kiln Dried
1000 mg/1 Kiln Dried

1 mg/1 Processed

10 mg/1 Processed

100 mg/1 Processed

10% Cascade Roadside Snow

10% Ward Valley Snow

10% Ward V. S. + 1.mg/1 Kiln Dried

.005
.010

NS
NS
NS

NS
NS
NS
NS
.001
NS
NS

NS
NS
NS
NS
NS
NS
.01
NS
NS
NS
NS
NS
NS

10% Ward V. S. + 10 mg/1 Kiln Dried NS

10% Tahoe City Roadside Snow

10% Eagle Cr. ABV 89

100 mg/1 Xiln Dried
1000 mg/1 Xiln Dried
100 mg/1 Processed
1000 mg/1 Processed
(.1% Cinder Leachate
1% Cinder Leachate
0.1% Sand Leachate
1% Sand Leachate

10% 1/5 Ward Bridge Seep.

NS
.05

.001
.001
.001
.001
NS
.005
NS
NS
.05

.001

025
.01
.025

NS
NS.
NS

NS
NS
NS
NS

.001
025
.05

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

.025

NS
NS
NS
NS
NS

.001
.001
.100
.001

NS

.001

NS
NS
NS

.005
025
.05
.005
.05
.05

NS
NS
NS
NS
NS

NS
NS

.10
.10
.01

NS
NS

.005

NS

.010
.001

NS

.001
.10
.001

NS
NS

.005

.001
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Appéndix D. Bioassay Treatment vs. Control Contrasts. 63

{cont'd) Treatment Considered Not Significant (N8} at p 2 .10.
Bioassay No. Treatment " Day 2 Day 4 Day 6
g e

{heterotrophic) 1 mg/1 Reagent Grade. L NS - NS NS
10 mg/1 Reagent Grade~ NS NS NS

100 mg/1-Reagent Grade - - NS NS NS

1 mg/1 Kiln Dried NS NS NS

10 mg/1 Kiln Dried ' NS NS NS

100 mg/1 Kiln Dried ‘ ' NS NS NS

1000 mg/1 Kiln Dried : NS - .10 .001

1 mg/1 Précessed I - NS NS NS

10 mg/1 Processed ’ NS NS NS

100 mg/1 Processed NS - NS NS

1000 mg/1 Processed L .005 025 NS

e, 6 :

: (autotrophlc) 1 mg/1 Kiln Dried S NS NS NS
10 mg/1 Kiln Dried ’ NS NS NS

50 mg/1 Kiln Dried o _ .005 NS NS

100 mg/1 Xiln Dried o .005 .05 .025

1 mg/1 Processed o .025 NS NS

10 mg/1 Processed . .05 NS .005

50 mg/1 Processed .01 NS .005

100 mg/1 Processed ' 005 NS NS

‘{heterotrophic) 1 mg/1 Kiln Dried NS NS NS
‘ "10.mg/1 Xiln Dried NS NS NS

50 mg/1 Kiln Dried NS NS NS

100 mg/1 Kiln Dried o NS NS NS

1 mg/1 Processed S NS NS NS

10 mg/1 Processed B NS NS NS

50 mg/1 Processed v NS NS NS

100 mg/1 Processed NS NS NS

. L 8 ' : " L

(autotrophic) 1 mg/1 Kiln Dried NS NS NS
10 mg/1 Kiln Dried . NS NS NS

1 mg/1 Processed ' - .025 NS NS

10 mg/1 Processed : ‘ " NS - NS NS

0.1% Sand Leachate . = . ;.01 © NS NS

1% Sand Leachate . =~ * .- .- NS NS NS

- 0.1% Cinder Leachate - . =~ ~.NS ~ ' NS NS

1% Cinder Leachate NS NS NS

{heterotrophic) 1 mg/1 Kiln Dried ' NS NS NS
. 10 mg/1 Kiln Dried : NS NS NS

1 mg/1 Processed: , NS NS .10
10 mg/1 Processed ' N .05 NS .025

0.1% Sand Leachate - . NS NS NS

1% Sand Leachate ' NS NS NS

0.1% Cinder Leachate NS NS NS

www fas

1% Cinder Leachate _ .01 NS NS
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(cont'd} Treatment Considered Not Significant (NS) at p > .10.
Bioassay No. Treatment =~ - R Day 2 Day 4 Day 6
(autotrophic) 10 mg/1 Processed to W.P NS NS NS
: 10 mg/1 Processed to W.C. NS NS NS
10 mg/1 Processed to T.C. NS NS NS
10 mg/1 Processéd to S.C. . NS NS NS
nu - L
- (heterotrophic) - 10 mg/1 Processed to W.P. ‘NS NS NS
10 mg/1 Processed to W.C. NS NS NS
10 mg/1 Processed to T.C NS NS .10
10 mg/1~Processed to S.C NS NS NS
12 : - 24 hr -
(periphyton) 1 mg/1 Kiln Dried NS
10 mg/1 Kiln Dried _ NS
1 mg/1 Processed : NS
10 mg/1 Processed NS
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'Appéndix E: Chloride Analyses

Station | Date Chloride (mg/1)

Lake Tahoe (So. of Ward Cr) : 12-07=80 2.218
- \ 2-05-81 2.127
- 3-07-81 2.314

X = 2.054 o 4-02:81 2.127

s = .166 .- © 5-63281 1.874
5-30-81 1.963

6-23-81 1.931

7+05-81 1.874

‘Lake Tahoe (Ward Cr inlet) 7-05-81 1.867
Lake Tahoe (Smow Cr inlet) - 7-05-81 2.100
Lake Tahoe (Tallac Cr inlet) 7-05-81 2.056
Blackwood Cr (Highway 89) 4-02-81 ‘ .382
. . | 5-03-81 | .230
Cascade Cr (Highway 89) 5-11-81 .248*
- | 5-11-81 .261
| 2-28-81 .964

Dollar Cr (Highway 28) | 4-02-81 - .897
Eagle Cr (Highway 89) 2-05-81 . 3667
‘ 2-05-81 .245
General Cr (Highway 89) 5-11-80 .313*
5-11-80 .296

R - 4-06-81 .316

X = .255 4-30-81 .233

o | 5-03-81 .240%

s - .036 5-03-81 o .256

. 5-07-81 . .224
5-13-81 .224

. 5-18-81 - .264

| | 5-26-81 . ' .224
General Cr Marsh (Highway 89) 5-11-80 343
Incline Cr (Highway 28) 4-20-81 4.692
, _ 5-03-81 1.751

_ 5-09-81 1.362

X - 2.201 5-20-81 2.333

“ 6-01-81 2.070
6-17-81 1.539

s =1.228
* sampled above main highway
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Appendix E: Chloride Analyses (cont'd).

. Station

Meeks Cr (Highway 89)

Snow Cr (Highway 28)

Hi

X = 7.827

2.387

i

5

Tallac Cr (Highway 89)

Third Cr (Highway 28)
1.281

|
1]

s = .424

Trout Cr (Highway 50)°
‘X = .675 |
s = ,262

Upper Truckee R (Highway 50)

X ='1.624
s = ,684

Ward Cr (Highway 89)
X = .262

s = .159

Residential Drainage Tahoma (Highway 89)

* sampled above main highway
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.452
.212

.150
.710
127
.070
.500
.290
.941%

.183

.942
.964
.101
.229
.200
.252

.182*
.697*
.561*
.592*
.583*
.434%

L7122
. 668
.331
.933
.073
.018.

.534%
.512
.606%
.594
.251
.198

172

. 309*
.256
.146
.152
.156
.187

.095%
.974

71

| Chloride (mg/l)


http://www.fastio.com/

| Appexdu E: C_hloificfe Analyseé {cdﬁt'a)

72

' Station | g Date Chloride (mg/1)
Ward Valley Snow (Twin Pks Rd) 2-28-81 : .382
_ - 4-02—81 .250
. Cascade. Creek Snow (@ Highway 89) 2-28-81 1.214
Tahoe City Roadside Sﬁow (& Highway 89) 2-28-81 250.461
_ 'Cu'l'\re-,lr-t Collecting r/off from above : 2—28v81 41.127
) R_oaé:'ls'-ide Snow Melt (Rubicoh: area) 5-11-80 . 8.555

x . Sampled ‘above main highway.
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Appendix F: Phytoplankton Identification and Enumeration
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) Cells m1 ™t
Final - Final Final
Bioassay 3 Initial Control 100 ppm Kiln _100 ppm Proc.
Cyelotella ocellata 3 38 24 8
Stephanodiscus alpinus 43 40 19 20
Asterionella formosa 391 710 673 865
Synedra radians 13 31 27 42
'KEphyrion e. f. rubri-claustri 85 160 155 287
Salpinogoeea frequentissima 123 26 34 06
Monoraphidium contortum 50 35 17 . 37
Tetraedron minimum var. tetralobulatum 18 28 5 14
mierofiagellate "A" 28 31 2 14
(3u) Mieroflagellate 24 78 165 96
LRGT's 333 1264 1032 1161
: Final Final Final Final
Bioassay 6 Initial Control 10 ppm Kilm 100 ppm Kiln 100 ppm Proc.
Cyelotella ocellata 8 11 10 ' 4 1
Synedra radians 10 14 13 21 20
Pseudokephyrion bvum 69 79 39 a1 49
Chrysolykos planctonicus T 55 21 17 ) 6
Dinobryon e.f. divergens 5 38 31 6 12
. Unidentified'Chyrosophyte ; 16 107 83 43 29
(3u Microflagellate . 410 927 775 627 1075
. "Interfilum-like" 21 22 44' 33 26
LRGT's o 39 3 10 4 14
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